The effect of larval density on the survival, fecundity and body size at two temperatures in experimental populations of C. megacephala was studied. No effect from simultaneous influence of density and temperature on life history characteristics of C. megacephala was found. Significant effects of density and temperature on survival, fecundity and body size were observed. The importance of these results for the population dynamics of C. megacephala is discussed.
INTRODUCTION
Domestic, semi-domestic and wild animals, as well as humans, are subject to various diseases caused by several pathogens transmitted by blowflies when, visiting carcasses, faeces and other excrements to lay their eggs (Greenberg, 1971) . In addition, they cause facultative myiasis in humans and animals (Guimarães and Papavero, 1999) . Chrysomya megacephala is a blowfly from the Australasian, Palearctic and Oriental regions, and from South African and Afrotropical Islands (Smith, 1986) , which was found in Brazil around 1975, together with two other species, C. putoria and C. albiceps. These species dispersed rapidly throughout the continent, with C. megacephla reaching the United States (Wells, 1991) . The Chrysomya invasion has apparently caused the displacement of Cochliomyia macellaria, an American native species (Guimarães et al., 1979) . Biological invasions frequently produce complex interactions on ecological and genetic levels (Brown, 1993) .
Among the main biological factors essential to understanding biological invasion, the dynamic behaviour emerges as an important component to evaluate relevant demographic aspects (Hengeveld, 1989) . However, dynamic behaviour usually depends on factors associated with demography, such as growth rate and life history characteristics (Uchmanski, 1999) . Life history and population growth are subject to high variation among different species and populations (Gotelli, 1995) . The causes of variation are usually diverse and depend on the environment and/or biological attributes of each species (Brewer, 1994) .
Temperature is probably the most influential environmental factor in the life history of populations, particularly in organisms with short life cycles such as insects (Levine and Levine, 1991) . Competitive ability, fecundity, survival rates, in addition to weight and body size, have shown high sensitivity to environmental variations in insect populations, especially in Musca domestica (James and Partridge, 1998) . Several studies have focused on evolutionary aspects of population arising at different temperatures in order to analyse geographic changes, natural selection and genetic divergence (Santos et al., 1997) . The approach of these studies has conspicuous value in the context of evolutionary biology, as sensible thermal changes can greatly influence the behaviour, ecology and evolution of biological populations (Huey, 1982) .
In nature, larvae of blowflies are found in ephemeral substrates such as carrion or dung, usually with large number of individuals exploring the same sources of food (Kneidel, 1984) . This situation can produce competitive interactions as a function of density and the external and internal temperature of the substrate, which frequently influence the population dynamics, causing impact on the demography of the species (Brewer, 1994) . This study aimed to analyse the effect of larval density on the life cycle characters of C. megacephala, at different temperatures, by experimental survival, fecundity and adult body size estimations.
MATERIAL AND METHODS
Specimens of C. megacephala were collected in the vicinities of the campus of the Universidade Estadual Paulista, Botucatu, São Paulo, Brazil to set experimental populations. Adult flies were identified and maintained under laboratory conditions, at 25±1ºC, in cages covered with nylon (30cm × 30cm × 30cm), and fed water and sugar ad libitum. Adult females were fed fresh liver to permit complete development of the gonotrophic cycle (Linhares, 1988) . Newly hatched larvae of C. megacephala were obtained from adult flies kept at constant temperature (25ºC) and 70% relative humidity, and raised in vials containing ground beef. Two larval densities were set and kept at constant food quantity at different temperatures, 20 0 and 30 0 C, with three replicates each. Larval densities, with 200 and 1,000 larvae, respectively, simulated low and high densities. In both cases, the larvae were raised on 50g of ground beef. Values for survival, fecundity, wing and tibia sizes of males and females were compared by one-way and two-way analyses of variance in order to analyse simultaneously and separately the effects of temperature and densities on the variables (Sokal and Rohlf, 1981) .
RESULTS
No simultaneous significant effects of density and temperature on all life cycle variables investigated in C. megacephala were found and no significant influence of temperature or density on survival was observed (Table 1) . However, significant effects of density and temperature were observed on the fecundity, which showed higher values for the density of 200 larvae than for the density of 1,000 larvae (F=161.3, P<0.001) and for temperature at 20 0 C than for temperature at 30 0 C (F=25.99, P<0.0001), respectively ( Table 2) . Significant influence of both temperature (F=11.1, P<0.001) and density (F=48.31, P<0.0001) on the wing size was observed, with males from the density of 200 larvae exhibiting larger wings than males from the density of 1,000 larvae at both temperatures (Table 3) . Similar to densities, males raised at 20°C exhibited larger wings than males kept at 30°C, for both densities. In females of C. megacephala, only the density factor significantly influenced the wing size (F=21.77, P<0.0001). Hence, wing size was larger in the density of 200 larvae than in the density of 1,000 larvae at both temperatures (Table 3 ). For males of C. megacephala, the density was also the only significantly influential factor on the tibia size (F=36, P<0.0001), with tibia size larger in the density of 200 larvae than in the density of 1,000 larvae at both temperatures (Table 4) . Density was also the only significantly influential factor on tibia size in females (F=17.76. P<0.001), with tibia size larger in the density of 200 larvae than in the density of 1,000 larvae at both temperatures (Table 4) . 
DISCUSSION
Survival, fecundity and body size have been analyzed in flies by studies which focused on intra-and inter-specific competition (Reis et al., 1994) . Most of the results show that the competitive processes, which act on the species, may induce changes in population behaviour. It is known that the larval competition for limited resources can be scramble or contest types (Birch, 1957) . In scramble, all individuals are equally affected. It occurs when some species decreases the environmental carrying capacity, stimulating the homogeneously partition of resources among individuals (De Jong, 1976) . Chrysomya species usually exhibit scramble competition , but depending on alternative mechanisms, such as intraguild predation, detected in C. albiceps (Polis et al., 1989) , the type of pattern can be changed from scramble to contest (Polis et al., 1989) .
The results showed that at different densities (200 and 1,000), survival did not show a significant difference. On the other hand, the analysis suggests that the increase of intraspecific competitor numbers did not influence the survival in C. megacephala. However, density influenced both fecundity and body size of adults. Density dependence has been frequently studied in insect populations, including blowflies . Intraspecific competition has been investigated in C. megacephala, C. putoria and Cochliomyia macellaria, with results suggesting its negative influence on survival and fecundity, but in different ranges of densities (Reis et al., 1994; Reis et al., 1996) .
A detailed sensitivity analysis of population dynamics by using mathematical models has shown that the most sensitive demographic parameter for C. megacephala in terms of influence on dynamics is not survival (Godoy et al., 1996) . Thus, these results are in accordance with those obtained by Godoy et al. (1996) . Fecundity is the most sensitive parameter for C. megacephala, as it can cause significant changes in behavioural dynamics, leading the population from a two-point limit cycle to a one-point stable equilibrium (Godoy et al., 1996) . In a very recent study focusing on intra-and interspecific competition among C. albiceps, C. megacephala and C. macellaria (Rosa et al., 2004) with different amounts of food, it was observed that C. megacephala, C .macellaria and C. albiceps exhibited similar survival at densities of both 200 and 1,000 with either 25 or 50g of food for third instar larvae. In this experimental design, 50g of food were used to test the effect of density and temperature. This condition, associated with density sets, could explain the absence of significant difference in survival.
Temperature may act on life-cycle stages, limiting the distribution of species by decreasing survival, reproduction, development and interactions with other organisms such as competition, predation or parasitism (Krebs, 2001) . Temperature usually influences the biological variables which determine the body size. In males of C. megacephala, both temperature and density influenced its wing size. In females, only the density influenced this variable. There is no apparent explanation for this difference, but it is clear that males exhibit more sensitivity to thermal variations than females, since a decrease in terms of body size was detected only for them.
These results are not similar to those of Rosa et al. (2004) , who observed that male body size was not affected by larval densities. However, the experimental design performed by Rosa et al. (2004) was used to investigate interspecific competition for food and did not include variations in temperature, which may explain the different results. Significance was only detected, suggesting that the simultaneous effect of density and temperature did not emerge in the experiments.
The variation of life cycle characters was analyzed in several groups of insects (Honek, 1993) , including blowflies (Reis et al., 1994) , showing a strong correlation between body size and potential fecundity (Honek, 1993; Reis et al., 1994) . In addition, competition for food affects the fitness of adults with implications for population dynamics and demography (Hastings, 1997) . Analyses of competition under experimental conditions are important for community studies, primarily when food scarcity is a predominant factor.
